To develop biological reagents for investigating structure-function relationships in the organ of Corti, we have raised monoclonal antibodies, (MAb) to inner ear tissues. Our first series of antibodies prepared after intrasplenic immunization of mice with guinea pig tissues, identified antigens restricted to supporting cell structures, but no hair cell specific antibodies were developed [Zajic et al., Hear. Res. 52, 59-72, 19911 . In this report we describe the isolation, binding specificity and initial characterization of the stereocilia-binding monoclonal antibodies, KHRI-4, and KHRI-5. Mice were immunized with avian, amphibian and mammalian sensory hair cell-containing tissues and antibodies were screened for selective binding to cochlear extracts in ELISA. In the inner ear, KHRI-4 and KHRI-5 bind specifically to stereocilia in both avian and mammalian cochlear and vestibular tissue preparations using immunofluorescence and immunoperoxidase assays. In other tissues only certain cells of mesothelial origin, such as smooth muscle in gut and the arteriolar vasculature, were stained by KHRI-4 indicating that the antigenic structure defined by this antibody has limited distribution. KHRI-5 binding could be detected in other tissues only at high antibody concentrations suggesting that the gene product identified by this antibody is also weakly expressed in other cell lineages. Western blot analysis showed that KHRI-4 and -5 detect different protein complexes.
KHRI-4 identifies an antigenic structure common to gut, cochlea, vestibular tissue and cultured fibroblasts consisting of a -195 and a 230 kDa heterodimer designated pl95/230.
Introduction
It has been our goal to develop monoclonal antibodies to cochlear tissues that might serve as probes of cochlear structure and function. In our previous study, immunization of mice with isolated guinea pig outer hair cells (including attached supporting cells) resulted in hybridomas that produced monoclonal antibodies to antigens on supporting cells in the organ of Corti (Zajic et al., 1991) . Subsequently, we found that guinea pigs immunized with chick inner ear homogenates developed serum antibodies that bound to hair cell stereocilia in both chick and guinea pig inner ears in immunocytochemical assays (Orozco et al., 1990) . There was also a transient hearing loss in the immunized animals suggesting that the immune response to inner ear antigens might disturb inner ear function possibly through antibody binding to hair cell stereocilia.
In the present study we investigated whether such a cross species immunization would provide a sufficient challenge to the immune system to generate monoclonal antibodies to hair cell structures. Monoclonal antibodies were developed that had immunoreactivity similar to the antibodies that we had previously observed in the sera of animals that developed a hearing threshold shift after immunization with inner ear antigens. These new monoclonal antibody reagents should make it possible to characterize the nature of the immunogenic molecule(s) on stereocilia and should help us to deduce their function in the hearing transduction process. 
lmmunizution and firsion
Mice were sequentially immunized with hair cell containing tissues from three different species: from frogs (Xerzopus Iuellis), lateral line 'stitches': from guinea pigs, organ of Corti; and from chicks, basilar papillae. For each immunization, the tissues were prepared immediately after euthanasia of the donor animals. The frog lateral line skin was excised and the stitches were dissected; the guinea pig organ of Corti was stripped from the basilar membrane and the spiral limbus; isolated hair cells were dissected as described previously (Zajic and Schacht, 1987) ; chick basilar papillae were dissected from the cartilage, the tegmenturn vasculosum and the eighth cranial nerve were removed. and the tissues were homogenized with a glass tissue grinder in phosphate buffered saline (PBS).
The monoclonal antibodies (mAbs) described in this report were obtained from a fusion using the spleen of a female BALB/c mouse that was immunized 6 times in two week intervals as follows: The first immunization consisted of intraperitoneal (i.p.) injection of tissues containing approximately 1000 frog neuromasts (60 'stitches' _ 200 kg protein). The second immunization contained approximately 150 pug protein from 6 guinea pig cochleae; the third contained 1.5 mg pro:cin from 10 chick basilar papillae; the fourth immunization contained a mixture of 500 frog neuromasts (approximately 100 pg), 150 pg protein from 6 guinea pig cochleae and 1.5 mg protein from IO chick basilar papillae; the fifth contained approximately 5 pg protein from 6 guinea pig cochleae and the sixth contained approximately 1000 isolated hair cells (Schacht and Zenner, 1987; Zajic and Schacht, 1987 ) from 6 guinea pig cochleae.
This final immunization was injected directly into the spleen (Spitz et al., 1984; Spitz, 1986) . Three days after the last injection, the mouse was killed and the spleen was removed for preparation of hybridomas.
The spleen cells were fused with SP2/0, a nonsecreting murine myeloma line, using 33% polyethylene glycol 1000 (Koch-Light Laboratories, Berks, U.K.) following the protocol of Kiihler and Milstein (1975) Lucerne, Switzerland) to a tissue concentration of 1 g/IO ml of buffer. (0.01 M HEPES, pH 7.4, containing 0.25 M sucrose and the protease inhibitors phenyl methyl sulfonyl fluoride (PMSF)(lnM), leupeptin I pg/ml, antipain 2 pug/ml, benzamidine 10 pg/ml, aprotinin 10 KIU/ml, chymostatin 1 pg/ml. pepstatin 1 pg/ml) were used. Screening assays were also performed using plates coated with similarly prepared tissues from chicks and frogs, Plates were coated by incubation with 10 pg/ml of protein overnight at 4" C. Coated ELISA plates were stored at -20 o C if not used immediately.
Prior to use the wells were washed three times and then blocked with 5% non-fat dry milk, dissolved in PBS (pH 7.5 
Immunocytochemistry

Preparation of hair cell containing tissues
Tricolored guinea pigs were deeply anesthetized with Urethane8 and perfused through the heart with PBS followed by 2% paraformaldehyde in PBS at 4" C. Temporal bones including cochleae were removed and fixed locally with the same fixative through the round window. For immunoperoxidase and immunofluorescence procedures, bony shell, vascular stria, tectorial membranes and Reissner's membranes were removed leaving spirals with the organ of Corti exposed which were rinsed in PBS at least 1 hour, as described in detail previously (Fex and Altschuler, 1981, 1986; Altschuler et al., 1985a Altschuler et al., , 1985b Fex et al., 1985; ) . From the remaining temporal bone the ampules, saccule and utricle were dissected.
The saccular membrane, and the roofs of the ampules and the utricle were opened. With a capsule knife the otoconia, gelatin layer, and subcupular meshwork and cupula were removed to allow antibody access to the epithelial surfaces. Chicks were euthanized with CO, inhalation, temporal bones removed and the basilar papilla was exposed by-quickly opening the middle ear and removing the stapes. These specimens were fixed with 2% paraformaldehyde for 1 hour and then washed in PBS for 1 hour. Triton X-100 (0.01%) was added to the fixative to insure permeabilization.
Basilar papillae were dissected approaching from medial. The tegmentum vasculosum was cut away and the tectorial membrane was removed with a fine forceps.
Chick vestibular tissue was obtained using methods similar to those described above. Frogs were cooled on ice for 1 h and killed by decapitation. The skin was removed and the lateral line organs cut out under a dissecting microscope. The skin strips containing neuromasts were fixed with 2% paraformaldehyde for 1 h.
Frozen sections of control tissues
Fixed and fresh tissues (brain, tongue, heart muscle, skeletal muscle, lung, kidney, liver, spleen, skin) were also dissected from guinea pigs and chicks and prepared for frozen sections. Tissues were placed in O.C.T. Tissue-Tek embedding medium (Miles Scientific, Naperville, IL) and rapidly frozen in polypenthane prechilled in liquid nitrogen. Blocks were stored no longer than two weeks at -80 "C. The blocks were sectioned on a Hacker-Bright cryotome.
Frozen sections were transferred to gelatin subbed slides and dipped in cold acetone ( -20 ' 0. These tissue sections were stored no longer than one week prior to processing. Before immunostaining the sections were air-dried for 30 min and fixed with 2% paraformaldehyde (5 min) or were dipped into acetone (10 min) to insure that the tissues were thoroughly fixed and attached to the slide. Triton X-100 (0.01%) was used to permeabilize paraformaldehyde fixed tissues.
Immunoperoxidase procedures
Prior to each incubation the specimens were washed three times for 3 min in PBS. In assays using chick basilar papillae an avidin-biotin blocking reagent (Vector Labs, Burlingame, CA) was employed to block non-specific binding of biotin to endogenous avidin. This blocking step was not necessary with the other species we tested. Blocking of non-specific second antibody binding was achieved by incubation with 3% horse serum for lo-30 min. Excess horse serum was removed from free floating whole mount preparations or blotted from slides and then incubated for 30 min with primary antibody (diluted either 1 : 1, 1 :5, 1 : 10, 1 : 20, 1: 50, 1: 100, 1 : 200). The slides were washed, and incubated in biotinylated anti mouse IgG or IgM diluted 1: 200 for 30 min. After washing, the specimens were incubated with the Vectastain horseradish peroxidase ABC reagent (Hsu et al., 1981) for 45 min, washed and developed for 5 min with the peroxidase substrate solution (diaminobenzidine 0.5 mg/ml in PBS containing 0.01% H,O,).
Slides were counterstained with Hematoxylin (Sigma, St. Louis, MO, USA) dehydrated in ethanol (70% for 5 min, 100% twice for 5 min, dipped in xylene) and mounted wet in Krystalon (EM Diagnostic Systems, Gibbstown, NJ).
Immunojluorescence
Immunofluorescence staining was performed as described for immunoperoxidase staining except that in-cubation with avidin conjugated rhodamine (Vector Laboratories, Burlingame, CA) was substituted for the ABC complex. Slides were examined using a Leitz Orthoplan fluorescence microscope and photographed with a Kodak T-max 400 film.
Immunoblotting
Tissues were solubilized in lysis buffer (1% NP-40 in PBS containing protease inhibitors including 1 mM PMSF, leupeptin 1 pgg/ml, antipain 2 pg/ml, benzamidine 10 kg/ml, aprotinin 10 ku/ml, chymostatin 1 pg/ml, pepstatin 1 pug/ml) on ice for 30 min and clarified by centrifugation (11,000 x g) in a microcentrifuge for 5 min at 4" C. Polyacrylamide gel electrophoresis in sodium dodecyl sulfate (SDS-PAGE) was performed according to the method of Laemmli (1970) . For gels run under reducing conditions, tissue homogenates were boiled for 5 min in sample buffer containing 5% v/v 2-mercaptoethanol.
Tissues homogenates prepared as described above and a prestained molecular weight standard (Amersham, Arlington Heights, IL, USA) were mixed with loading buffer (Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, 0.005% bromphenol blue) to a final concentration of loo-150 Fg protein/sample/lane and loaded onto a 3% stacking and 7% separating SDS gel. The electrophoretically separated proteins were immunoblotted from the gel onto nitrocellulose paper (Millipore Corporation, Bedford, MA, USA) by the electrophoretic transfer method (Towbin et al., 1979) . The paper was cut into strips and incubated overnight in blocking solution (50 mM Tris-HCI, pH 8.0, containing 5% nonfat dry milk, 2 mM CaCl,, and 5% Tween 20) (Johnson et al., 1983) . These strips were incubated with supernatants from antibody producing clones (KI-IRI-4 and KHRI-5 each diluted 1: 10 in blocking solution), with previously characterized antibodies (KHRI-3), with control IgM antbodies CUM-E7 and UM-lH12) to irrelevant antigens, with a commercially available antibody (Antikeratin 8.13 from Sigma, St. Louis, MO, USA) and supernatant from the myeloma line SP2/0 for 30 min. After washes in blocking solution the strips were incubated for 2 h in a 1 : 500 dilution of rabbit anti mouse IgM or rat anti mouse IgG (heavy and light chain specific) conjugated to horseradish peroxidase (Accurate Chemical and Scientific Corp., Westbury, NY), washed, and developed with 4-chloro-1-naphtol (0.5 mg/ml) in methanol-PBS pH 7.5 (1 5) containing 0.05% H,O,. Color development was stopped by washing strips in water.
lmmunoprecipitation
Fibroblasts grown in 35 mm Petri dishes were metabolically labelled with [35S]-methionine for 4 h in methionine-free medium. The plates were washed and the cells solubilized in lysis buffer (Dulbecco's PBS containing 1% NP-40, 1 mM L-methionine, 1 mM PMSF plus the cocktail of protease inhibitors described above). One hundred microliters of each lysate corresponding to one half of a 35 mm dish was mixed with 50 ~1 of 1% bovine serum albumin (10 mg/ml in sterile water) and 150 /*I of RIPA buffer (50 mM Tris, pH 8.0, 150 mM NaCl, 0.1% SDS, 1% NP-40, 0.1% deoxycholate and 1 mM PMSF) and precleared with 5 ~1 second antibody (rabbit anti mouse IgG and IgM specific, Accurate Chemical, Old Westbury, NY) and 30 ~1 protein A agarose (Sigma, St Louis, MO) for 30 min at 4' C. After centrifugation at 1000 X g, the supernatant was precleared a second time and incubated with 150 ~1 of KHRI-4 or -5 or control (irrelevant antibody) hybridoma supernatant overnight at 4 o C. Antigen-antibody complexes were precipitated with 10 ~1 of second antibody and 30 ~1 of protein A agarose by incubation for 2 h at 4 o C. After centrifugation at 11,000 rpm for 2 min the superantant was removed and the pellet was washed 3 times in RIPA buffer, resupended in 50 ~1 of reducing buffer (2-mercaptoethanol 5% (w/v), 0.0625 M Tris-Cl pH 6.8, 10% glycerol, 2% SDS, 0.005% bromphenol blue) boiled for 3 min, loaded on a 3% stacking and 7% separating gel and electrophoresed (Laemmli 1970) . The gels were stained, dried and autoradiographed.
Results
ELISA-screening and subclass-typing
From the original ten plates prepared from this fusion three hybridomas (KHRI-4, KHRI-5, KHRI-6) were identified based on strong and selective binding to extracts of guinea pig cochlea and chick basillar papilla in ELISA assays. These hybridomas were subcloned and pooled supernatants were prepared for complete analysis. All three antibodies were of the IgM class. After several months the hybridoma producing the KHRI-6 antibody stopped secreting. Since we were unable to recover a secreting population from this hybridoma, we discontinued the characterization of KHRI-6.
Immunocytochemical localization of antigen expression in tissues
Within the inner ear, monoclonal antibodies KHRI-4 and -5 showed highly restricted binding to stereocilia. Immunolabeling of both guinea pig and chick hair cell stereocilia by KHRI-4 and -5 are illustrated in Fig. 1 . Similar results were obtained with these antibodies by both immunofluorescence and immunoperoxidase methods ( Fig. la- lgl. There were no striking differences in staining between basal and apical turns, different rows of hair cells or cochleae from young (180-200 g) or older (350 g and more) guinea pigs. In the vestibular system both antibodies produced a filamentous labeling on the surface of the hair cells of utricle, saccule and all three ampules (Fig. le, lg) . In the basillar papilla no differences in immunolabeling were detected in the hair cell area near the superior or inferior, or the proximal or distal hair cell region (terminology according to Takasaka and Smith, 1971, 1978) . Although both avian and mammalian inner ear tissues showed strong stereocilia staining, we were unable to demonstrate binding of the antibodies to stereocilia of the frog lateral line or any other structures in the frog skin. Outside of the inner ear, labeling of smooth muscle cells in arterioles, gut, and bronchi was detected with KHRI-4. Fig. 2 shows an example of staining by KHRI-4 in a small arteriole. This type of focal staining was not observed with KHRI-5; instead, at high antibody concentrations, diffuse staining was observed in multiple cell types suggesting that low level expression of this antigen occurs in multiple tissue types. In both cases, Fig. 1 (a-d) staining of non-inner ear tissues was lost more readily with antibody dilution than was that obtained with stereocilia.
Because of the labeling we observed in the smooth muscle layers of some tissues, we felt that the antigen(s) we were detecting in the stereocilia might also be expressed in cultured cells of mesodermal origin. Expression of the same gene product in a cell type that could be grown in culture would facilitate its further study and characterization. For this reason we established and examined guinea pig skin fibroblast cultures. In fibroblast cultures fixed with acetone, antibodies KHRI-4 and KHRI-5 produced a staining pattern reminiscent of cytoskeletal structures (Fig. 3a, 3b) . Double labeling experiments showed that the staining patterns were similar to but not identical with the distribution of filamentous actin structures labeled with phalloidin (Fig. 3c, 3d) . Generally, KHRI-5 stained the cytoskeletal elements more extensively than KHRI-4. In both cases, the fibrous staining pattern tended to go around rather than over the nuclei. No labeling was obtained when the fibroblasts were not acetone fixed and permeabilized prior to incubation with the primary antibody.
Antibody staining of proteins on Western blots
In Western blots run under non-reducing conditions, KHRI-4 identified two bands of approximately 195 kDa and 230 kDa in extracts of guinea pig cochlea, vestibular tissue, gut, fibroblasts and tongue (Fig. 4a) . The KHRI-4 epitope must be altered by the reduction of sulfhydral bonds because the antibody did not bind to blots of cochlear extracts electrophoresed under reducing conditions. The N 230 kDa subunit appears to be labile to proteolytic degradation since even in the presence of multiple protease inhibitors this band becomes weak or absent in some experiments. In gels run under either reducing or nonreducing conditions, KHRI-5 binds to a band of N 200-210 kDa in extracts of cochlea, gut, fibroblasts and tongue (Fig. 4b) . As can be appreciated in Fig. 4b , the 200 kDa myosin molecular weight standard was also stained by both of these antibodies. The amount of antigen detected by in vestibular extracts appears to be very low since we failed to detect this band in vestibular extracts in multiple experiments. Similar results to those shown in Fig. 4b were obtained with KHRI-5 on Western blots run under reducing conditions except that the band from gut was more prominent under reducing conditions.
Immunoprecipitation
In immunoprecipitation experiments with KHRI-4, bands of N 195 and m 230 kDa were observed that corresponded to the bands found in Western blots ( 5b), whereas only the 200-210 kDa band had been detected in Western blots.
Discussion
The aims of this study were to generate monoclonal antibodies against inner ear sensory cell components as a means of identifying proteins expressed in the sensory cells but not in other cell types in the inner ear. Such proteins could likely have important roles in the sound transduction process and therefore their identification and characterization will add to our knowledge of the structure-function relationships in the auditory system. The reagents generated from this type of study will also be useful in examining pathologic changes at the molecular level.
In our previous study immunization of mice with guinea pig inner ear tissues proved to be useful for raising cochlear antibodies, however, only antibodies to supporting cells were obtained in those experiments (Zajic et al., 1991) . We reasoned that since hair cells are phylogenetically conserved structures, mice and guinea pigs might be too closely related to generate a strong immunogenic challenge for such structures. In more divergent species small differences in the primary structure of conserved proteins should exist and immunization with tissue from more distantly related animals should improve our chances of obtaining an immune response to hair cell antigens. In fact, immunization with inner ear tissues from divergent species was previously shown by us (Orozco et al., 1990) and others (Richardson et al., 1988) to be followed by the development of circulating serum antibodies to stereocilia. Therefore in this investigation we employed crossspecies immunization of mice with hair cells from chickens, frogs and guinea pigs to generate murine monoclonal antibodies to hair cell structures.
Our results indicate that this immunization scheme was successful. The molecules carrying the epitopes for the KHRI-4 and -5 mAbs are conserved phylogenetitally, since the antibodies bind to stereocilia of both guinea pig and chick cochlear hair cells. Furthermore, 87 the antigens are also conserved in the stereocilia of hair cells in the phylogenetically older vestibular system. The binding pattern we observed with KHRI-4 and -5 is similar to antibody reactivity observed in other studies (Orozco et al., 1990 , Richardson et al., 1988 . We did not observe this type of staining with numerous control antibodies of both IgG and IgM classes which rules out a non-selective stickiness of the stereocilia as a trivial explanation for these results. A light piping artifact as discussed by Egelman (1981) can be excluded because we obtained the same results with both rhodamine and DAB for visualization of bound antibodies. Furthermore, in experiments not shown, immunofluorescent labeling on cross-sections was restricted to the stereocilia. We did not observe staining of frog neuromast stereocilia, and the reasons for this are not clear. It may be that these antigenic structures are not present in frogs; alternatively, our methods may have been too insensitive to detect the antigen in the frog tissue.
Many laboratories have contributed to our knowledge of the structural components of stereocilia. For example, actin is known to be present in hair cells, especially in the stereocilia, of different species (Flock and Cheung, 1977; Flock et al., 1981 Flock et al., , 1982 Slepecky and Chamberlain 1986; Sobin and Flock, 1981, 1983; Thorne et al., 1987; Zenner, 1981 Zenner, , 1986 . It was suggested that hair cells contain a smooth muscle-like isoactin (Slepecky and Chamberlain, 1986 ) and other contractile protein(s). Drenckhahn (Drenckhahn et al., 1985) found a 200 kDa protein in hair cell enriched chicken cochlea. This band was myosin immunoreactive and co-migrated with lymphocyte myosin heavy chain, identified by immunoblotting of human lymphocytes. kDa relative molecular mass respectively in guinea pig cochlea, chick basilar papilla and guinea pig fibroblasts. This is close to the molecular mass of 200 kDa reported for muscle myosin. Whether or not stereocilia contain myosin is still subject to debate. Antibodies to non-muscle myosin from calf thymus labeled the cuticular plate of inner and outer hair cells and of vestibular hair cells in guinea pigs (Drenckhahn et al., 1985) . Similar staining was observed using human platelet myosin antibodies. However, Drenckhahn et al. (1982) and others (Sans et al., 1989) did not find labeling of stereocilia with antimyosin antibodies. Macartney et al. (1980) reported immunofluorescent staining of guinea pig stereocilia and faint immunofluorescence in the cuticular plate using an antibody raised in rabbits against human smooth muscle myosin. Some have suggested that this could have been a light piping artifact (Egelman, 1981) or a glutaraldehyde fixation artifact. Sans et al. (1989) recently reported that hair cells (but not stereocilia) contain a smooth muscle-like myosin. Biochemical characterization of the stereocilia and the cuticular plate of hair cells by other investigators did not demonstrate proteins in the 200-230 kDa region in chick stereocilia using high-salt detergent preparations and Western blotting (Tilney et al., 1989) . This is in contrast to our results and might be due to different methodological procedures. For example, this group used 8 to 10% gels which resolve high molecular mass proteins less well than the 7% percent gels we used, and they studied mostly lower molecular weight bands which they acknowledged might be due to proteolysis. We found that variability in our preparations i.e loss of high molecular mass bands and the appearance of lower mass forms was associated with failure to carefully control for proteolysis and that the 230 kDa band identified by KHRI-4 is particularly labile. It is possible that some of the low molecular weight bands identified by others (e.g. Tilney et al., 1989) could represent proteolytic products of the higher molecular weight bands we are studying.
The structures identified by our mAbs (or molecules with similar structures defining the same epitopes) are also present in other tissues, as indicated by ELISA. immunocytochemistry and Western blot results. This finding may assist in determining the nature and function of these antigens in the auditory system since we may be identifying proteins with known structure and function in other tissues. Furthermore the ability to analyze the same proteins in a cultured cell model increases our ability to manipulate the system, to label the proteins and to confirm by additional methods the relative molecular mass and nature of these proteins without sacrificing large numbers of animals. In cultured fibroblasts double immunofluorescent labeling assays with phalloidin, a marker for filamentous actin, reveals a similar but distinct pattern from that obtained by antibody labeling with KI-IRI-4 and -5 and indicates that these mAbs identify proteins closely associated with cytoskeletal elements. These assays also demonstrated that the antigens defined by KHRI-4 and -5 in hair cells and fibroblasts are internal antigens since permeablization was essential to obtain immunolabeling.
We have not yet completely identified the molecular structures that carry the KHRI-4 and -5 epitopes. Our Western blotting and immunoprecipitation experiments indicate that these antibodies bind to structures with a higher molecular weight than actin. However, the similarity in the distribution of our antigens with that of actin, has led us to consider the possibility that these antibodies might define molecular structures that bind to or interact with actin either in the hair cell stereocilia or in the cytoskeleton of fibroblasts. In Western blots KHRI-4 identifies two bands p195/230 and KHRI-5 stains one prominent band of approximately 200-210 kDa. Thus the structures identified by KHRI-4 and -5 appear to be similar but distinct from one another. This is consistent with the difference in patterns of distribution we observed in fibroblasts in which KHRI-5 stains structures that appear to extend nearly to the cell membrane while KHRI-4 gives a more limited staining distribution. Since Western blots indicate that the antigenic complex identified by KHRI-4 has the same electrophoretic mobility in cochlea, vestibular system, gut and fibroblasts it is likely that these proteins are similar in structure and function in different tissues. To further examine these structures we used immunoprecipitation from labeled fibroblast extracts. KHRI-4 immunoprecipitates the same p195/230 heterodimer observed on Western blots. However with KHRI-5 we consistently immunoprecipitate a trimolecular complex consisting of bands of roughly 200-210, 230 and 250 kDa. This indicates that the epitope is probably expressed on the 200-210 kDa subunit stained in the Western blots but that this protein is non-covalently asssociated with two other proteins that are co-precipitated by the same antibody. We are now preparing to determine whether these protein bands are known proteins. Possible candidates, based on the molecular mass, include a subtype of myosin (M, = 200 kDa) (Drenckhahn et al., 19851 , spectrin (M, = 240-260 kDa) (Bennett, 1989) and talin (M, = 230 kDa) (Burridge et al., 1987) . The KHRI-4 and -5 antibodies bind to the myosin molecular weight standard in Western blots suggesting that myosin, or a protein that co-purifies with myosin, carries the same epitope(s) as the proteins in stereocilia and fibroblasts. Drenckhahn et al. (1985) also found M, 240-260 kDa polypeptides which may represent spectrin-like components. The 275 kDa antigen defined by Richardson ct al. (1990) has a similar but distinct distribution in stereocilia to those defined by KHRI-4 and -5. In fact our 260 kDa protein precipitated by KHRI-5 may be the protein chain identified by Richardson's antibody but the apparent difference in distribution may be because our antibody binds to a different chain of the same trimolecular complex. The distribution of spectrin and talin in fibroblasts are also each distinct from what we observed with KHRI-4 and -5 but since only the protein carrying the antibody-binding epitope will be stained in immunofluorescent labeling experiments we cannot rule out that these membrane anchoring proteins are not part of the multimolecular complex. Co-precipitation experiments with other serological reagents to known proteins will help to clarify if these proteins are part of the complex we have identified.
Although the proteins we identified with KHRI-4 and -5 appear to be internal antigens and thus seem unlikely to perturb function, antibodies with similar binding specificity in cochlea have been noted in the circulation of animals that developed hearing losses after immunization with inner ear tissue (Richardson et al., 1988; Richardson et al., 1990; Orozco et al., 1990) . We have considered the possibility that antibodies to these internal structures might have a potentiating effect on primary damage to stereocilia injured by other noxious stimuli. We plan to investigate whether these epitopes are revealed in damaged cochlea where one of the earliest signs of damage is loss of turgor in the stereocilia. Through such investigations we may gain further knowledge about the pathogenesis of progressive hearing loss following trauma or inner ear infection.
